Summary Genomic DNA was isolated from leaves of five species of stylo (Stylosanthes scabra, S. hamata, S. seabrana, S. humilis and S. viscosa), a range fodder legume using CTAB and SDS based extraction buffer 'S' method. Ethanol was used as leaf fixing solution instead of grinding in liquid nitrogen, which yielded high molecular weight DNA (Ͼ30 kb). DNA quality and quantity were comparable to those isolated with liquid nitrogen. Isolated DNA was suitable for RAPD, sequence tagged site (STS) and restriction enzyme digestion. This method does not require liquid nitrogen for fixation, grinding, or storage at Ϫ80°C, making it advantageous over other common protocols.
High molecular weight DNA is prerequisite for molecular studies including genomic library construction for isolation of genomic clones utilizing different sets of primers. In recent years the developed DNA fingerprints of cultivars and plant species have been emphasized in identification, documentation and intellectual properly right (IPR) related issues. Stylo being one of the important range legumes introduced in India in late sixties from Australia have been reported well adapted in different climatic conditions (Ramesh et al. 1997 , Chandra et al. 2006 . Apart from the introduced species, a native species namely S. fruticosa is endemic to peninsular part of the country which requires extensive characterization using molecular tools. Previously, tissues have been homogenized in buffers using a blender, mortar and pestle, or glass. These methods have been largely yielded degraded DNA caused by DNases and other nucleases and also sheared DNA non-usable for molecular work (Sharma and Sharma 1980) . Of late, the common procedure adopted for the isolation of DNA is to grind the leaf materials in the presence of liquid nitrogen to avoid nucleases and for better yield of DNA. In addition to this the use of preheated extraction buffer is preferred for better quality DNA (Dellapotra et al. 1983 , Saghai-Maroof et al. 1984 , Mohpatra et al. 1992 , Chandra et al. 2004 . Liu and Musial (1995) reported the isolation of genomic DNA from freeze-dried leaf samples of Stylosanthes which was otherwise difficult due to high polysaccharides content (Kazan et al. 1993) . Once plant cells are disrupted these contaminants form a sticky gelation in which nucleic acids become embedded. Use of 5 M sodium acetate has, however, improved tremendously in getting good quality of DNA in the range of 40-90 mg per gram fresh weight of leaf material. However, this procedure failed to work when fresh tissues were used (Liu and Musial 1995) . Taking into consideration of the limitation of liquid nitrogen and freeze dryer in remote and less equipped laboratory, a method not requiring freeze-dried samples and also the liquid nitrogen would be helpful and economical. Good quality of DNA has been isolated without the use of liquid nitrogen from different plant species (Sharma et al. 2003) . In the present study we report a protocol to isolate good quality of genomic DNA from fresh leaf samples of five species of Stylosanthes without using the liquid nitrogen. In this protocol leaves were fixed in alcohol before CTAB and buffer 'S' extraction, making liquid nitrogen unnecessary. DNA isolated by this method was observed suitable for various molecular biology applications.
Materials and methods

Solutions
Solutions utilized in this study are as follow: CTAB extraction buffer-2% (w/v) CTAB, 1.4% (w/v) NaCl, 100 mM Tris-HCl (pH 8.0), 20 mM EDTA (pH 8.0), 3-6% 2-mercaptoethanol (v/v), % PVP (w/v); Extraction buffer 'S'-2% (w/v) SDS, 100 mM Tris-HCl (pH 8.0), 50 mM EDTA (pH 8.0), 100 mM NaCl; Chloroform-isoamylalcohol 24 : 1 (v/v); TE buffer-10 mM Tris-HCl (pH 8.0), 1 mM EDT; 5 M Sodium acetate; Isopropanol; 70% ethanol.
DNA isolation
Fresh and young leaves were used in several treatment combinations to isolate genomic DNA. Both CTAB and buffer 'S' were used as extraction buffer. The fixing solution (2 ml/g tissue) namely absolute alcohol (Sharma et al. 2003) was used to isolate the DNA without grinding the leaf samples in liquid nitrogen. Fresh leaves were dipped in fixing solution for 30-60 min to denature the enzymes. Treated leaves were removed from solution and homogenized with a mortar and pestle. Leaves were also homogenized in liquid nitrogen and fine powder were processed using extraction buffer for comparison. All experiments were carried out in three replications.
100 mg young leaves of stylo were dipped in 2 ml ethanol for 60 min. After removing the leaves and allowing ethanol to evaporate, the leaves were pressed with filter paper to complete dry. Tissues were ground in pre-warmed 2X CTAB and buffer 'S'. Liquid nitrogen ground samples were processed only with CTAB buffer. The samples were incubated for 1 h in a 60°C water bath with occasional mixing by gentle swirling. After adding 600 ml chloroform-isoamylalcohol (24 : 1) to CTAB extracted samples, the samples were mixed by inversion for 15 min. Then 400 ml (5 M) sodium acetate was added to the buffer 'S' extracted samples. The samples were kept on ice for 30 min. After centrifugation at 8000 rpm for 10 min, double volume of isopropanol was added to the supernatant and the solution was mixed gently. Then the samples were centrifuged briefly to pellet the DNA, followed washing with 70% alcohol and then allowed to dry for 30 min. Dried DNA was dissolved in 300 ml TEϩ 3 ml RNase (10 mg/ml) and incubated at 37°C for 1 h. To this 300 ml each of phenol and chloroform was added, mixed thoroughly and centrifuged at 8000 rpm for 10 min. To the supernatant 300 ml of chloroform was added, mixed well and centrifuged it. After adding 600 ml of absolute ethanol, the samples were mixed well and centrifuged. Then the pellet was washed with 70% ethanol. After drying the pellets for 30 min at room temperature, DNA was re-dissolved in 200 ml TE. After diluting the DNA 1000 times in TE buffer, it was quantified by taking the optical density (OD) at l 260 with a spectrophotometer. Reading was also recorded at l 280 to obtain the l 260 /l 280 ratio as an indicator of DNA purity (Sambrook et al. 1989) . Finally the purified DNA on 0.8% agarose gel was observed after staining with ethidium bromide to ascertain its integrity.
RAPD analysis
RAPD analysis was performed with 4 primers (OPAE-07, OPT-06, OPE-03 and OPE-13) using 25, 40, and 50 ng of genomic DNA. After standardization (without smear and stutter bands), RAPD analysis was performed using DNA isolated from different methods of each stylo species (Williams et al. 1990) . Each PCR amplification was performed in a final volume of 20 ml of reaction mixture containing 67 mM Tris-HCl (pH 8.0), 16.6 mM (NH 4 ) 2 SO 4 , 0.45% (v/v) Triton X-100, 4 mg BSA, 3.5 mM MgCl 2 , 150 mM of each of dATP, dCTP, dGTP and dTTP, 7.5 pmol (15 ng) primer, 25, 40 and 50 ng genomic DNA templates and 0.5 unit Taq polymerase (Bangalore Genei, India), and finally it was overlaid by 5-10 ml light mineral oil. Amplifications were performed on a DNA thermal cycler PTC-200 (MJ Research, USA) with the cycling program consisting of 94°C for 1 min, 37°C for 1 min and 72°C for 2 min for 40 cycles followed by 41st cycle at 37°C for 1 min and finally at 72°C for 10 min extension. The amplified products were kept at 4°C until loaded on to the gel. Amplification products were separated by electrophoresis on 1.6% agarose gel in 0.5X TBE buffer (pH 8) to which ethidium bromide (0.5 mg/ml) was added for visualization with UV light, and photographed using AlphaImager (Alpha Innotech Corporation, USA). Along with the unknown samples 100 base pair DNA ladder was also loaded to know the size of the amplified products.
STS analysis
Sequence-tagged-sites primers are specifically used in studying the species relationships developed on the basis of gene sequences or single copy genes. The isolated DNA was also subjected to visualize the STS patterns, as it would generate DNA profile useful to explore the progenitors or genome analysis. The polymerase chain reaction (PCR) amplification for STS loci followed the procedure described by Liu et al. (1996) with modification in genomic DNA concentration and inclusion of primer extension step for 5 min as a last step of amplification. The total reaction volume was 25 ml, which contained 78.2 mM Tris-HCl (pH 8.8), 19.4 mM (NH 4 ) 2 SO 4 , 0.53% (v/v) Triton X-100, 233 mg/ml BSA, 5.8 mM MgCl 2 , 130 mM dNTPs, 0.3 mM of primers, 1.2 unit of Taq DNA polymerase (Bangalore Genei, India) and 25, 40 and 50 ng of genomic DNA templates. The reactions were overlaid with mineral oil. The PCR protocol was as follows: 32 cycles of 94°C/60 s, 55°/60 s, 72°C/90 s; one cycle at 72°C/5 min; and 4°C soak in an MJ Research PTC-200. Amplification products were separated on 1.8% agarose gels in 0.5X TBE buffer and visualized by staining with ethidium bromide.
Restriction analysis of DNA
DNA was restricted by EcoRI (Bangalore Genei, India) using 5 U/mg of DNA. The reaction mixture was incubated at 37°C overnight. Digested DNA was separated on 0.8% agarose gel, stained with ethidium bromide and observed under UV light.
Results and discussion
DNA extraction and yield
The six different protocols used to isolate the genomic DNA from leaves of five stylo species have shown difference in both quality and quantity of genomic DNA. However, protocol number 4 and 6 yielded better DNA in terms of quality and quantity (Table 1 ). In addition to the fixing of the leaves in alcohol, leaves were also ground in liquid nitrogen for comparison. The results indicated difference with the species in terms of both quantity and quality of genomic DNA. In case of S. seabrana and S. scabra yield with liquid nitrogen was more than DNA obtained with alcohol fixed tissues. No difference was observed in case of S. viscosa, whereas S. hamata and S. humilis showed better yield and quality ( Table 2) .
The major problems associated with stylo in isolating the genomic DNA is the presence of high amount of mucilaginous polysaccharides which not only hinders in proper grinding of tissues but also tend to yield less DNA due to the binding of nucleic acid with the mucus polysaccharides present in the leaves. Fixing of stylo leaves in ethanol not only deactivated the enzymes but it has also made the leaves more amenable to be ground in extraction buffer. Kumar et al. (2003) have reported that the presence of high level of polysaccharides interferes with DNA isolation procedure and inhibits the activity of a wide range of DNA-modifying enzymes, such as restriction enzymes, polymerase, and ligases. 2007 The procedure reported yielded high molecular weight DNA (Ͼ30 Kb, Fig. 1 ) after grinding the leaves in liquid nitrogen as well as ethanol fixed leaves in 2X CTAB and buffer 'S'. However, l 260 /l 280 ratio was significantly different in two categories of protocols in some species. Except S. hamata and S. scabra where l 260 /l 280 ratio was low (1.5) when it was fixed in ethanol, rest of the three species gave l 260 /l 280 ratio in the range of 1.6 to 2.5. In case of liquid nitrogen the l 260 /l 280 ratio was in the range of 1.44 to 2.25 indicating DNA purity (Sambrook et al. 1989 , Henry 1997 (Table 2) . DNA yield ranged from 250 to 3100 mg/g in case when liquid nitrogen is used whereas 450 to 2550 mg/g when alcohol fixed leaves are used among five species of stylo (Table 2) . Thus, the results indicated not much difference in the quantity and quality of the genomic DNA isolated from the leaves either fixed in alcohol or ground in presence of liquid nitrogen. However, the comparable protocol as observed may lead in saving of liquid nitrogen when alcohol fixed tissues are 290 Cytologia 72(3) Amaresh Chandra and Sanchita Tewari Nil 400 ml 400 ml Nil 400 ml 400 ml Isoamylalcohol-chloroform 600 ml Nil 600 ml 600 ml 600 ml Nil Isopropanol 600 ml 600 ml 600 ml 600 ml 600 ml 600 ml DNA yield and quality used for DNA extraction, especially in those laboratories where availability of liquid nitrogen is a limiting factor. In turn, the procedure becomes economical too. Sharma et al. (2003) have reported the isolation of intact DNA after fixing the tissue in alcohol and argued that treatment was sufficient to denature enzyme and desiccate the leaves. Less than 1.8 l 260 /l 280 ratio indicated impaired DNA quality and this may be due to difference in levels of polysaccharides, fibers and associated anti-quality factors in plant species.
Samples ground in two concentration of CTAB (1X and 2X) showed difference in the yield of DNA. The inclusion of sodium acetate especially with buffer 'S' ground leaves significantly reduced the polysaccharides whereas this situation was not observed when alcohol fixed leaves was used for extraction of DNA. In all six protocols reported isopropanol was used as DNA precipitating solution; however, extraction of tissues slurry with isoamylalcohol in case of CTAB buffer and addition of 5 M sodium acetate in buffer 'S' was observed necessary to get better genomic DNA (Table 1) . Surprisingly, S. seabrana yielded good quality of DNA when other than protocol numbers 4 and 6 was used. We obtained DNA yield and quality similar to results reported with other protocols (Callahan and Mehta 1991 , Henry 1997 , Khan et al. 2004 , Kumar et al. 2003 , Murray and Thompson 1980 , Sharma et al. 2003 .
PCR based amplification of genomic DNA DNA isolated from five species of stylo was amplified using 10-mer random primers namely OPE-03 (5Ј CCAGATGCAC 3Ј), OPE-07 (5Ј AGATGCAGCC 3Ј), OPT-06 (5Ј CAAGGGCAGA 3Ј) from Operon Biotechnologies, Inc. (USA) and SHCAPEAF1/SHCAPEAR1 pairs of STS primers (5Ј TAATGTTGTGTCTTGTGCTG 3Ј/5Ј GCTGCTCAAAAGCTGACAAC 3Ј) (Liu et al. 1996) . DNA isolated through 6 treatment combinations (Table 1) was used for PCR amplifications. DNA was diluted to 5 ng/ml in TE buffer, and 5 ml, 8 ml, and 10 ml of diluted DNA was used for amplification with four primers in total. When 25 ng of DNA was used, bands without background smearing and upper DNA streaks were produced which were easily scorable (Fig. 2) . With different random primers total number of bands amplified varied depending on the Stylosanthes species used for DNA isolation. In general S. seabrana yielded higher numbers of amplicons. A uniform DNA pattern of a species was expected when DNA was isolated either from ethanol fixed or by using liquid nitrogen, because DNA was from the same plants. Similarly, uniform banding patterns were obtained when experiment was repeated indicating good quality of isolated DNA. As expected, genomic DNA isolated from two extraction buffer, namely CTAB and buffer 'S', produced uniform patterns ( Fig. 2A, B, C) . In case of STS analysis, reactions were performed at higher annealing temperature (55°C), yielding clear bands. As expected SHCAPEAF1/SHCAPEAR1 primer produced single strong band from all species of Stylosanthes except S. scabra, which have produced two bands (Fig. 2D) . Further in case of STS analysis, DNA isolated from protocol numbers 1, 2, 3 and 5 did not yield any amplification or very faint bands was observed except in S. seabrana. Thus, results clearly indicated the purity of DNA obtained with ethanol fixed samples as amplification was observed with two different sets of primers. As STS analysis is highly important in stylo to study and identify the progenitors of different polyploid species (Liu et al. 1996) , the method described here can be used in isolating Stylosanthes genomic DNA without liquid nitrogen. DNA isolated using the present protocol from 19 accessions of S. seabrana along with two accessions each of S. viscosa and S. scabra yielded clear banding patterns, as single band was observed in S. seabrana and S. viscosa species whereas two bands in S. scabra with STS primer SHST3F3/SHST3R3 (5Ј GGTTAACATAATAAAGCATG 3Ј/5Ј GTCTTGTAAACAATTCCAAGC 3Ј (Fig. 2E) . This further demonstrated the utility of the protocol for rapid isolation of genomic DNA for molecular biology work.
Restriction analysis of genomic DNA
Genomic DNA from all 5 stylo species was restricted by EcoRI (5 unit of enzyme/mg of DNA, kept overnight at 37°C). The restricted DNA produced a good patterns on 0.8% agarose gel, indicating complete digestion of DNA samples from two buffers (Fig. 3) . Complete digestion of DNA indicated the absence of polysaccharides.
In conclusion, genomic DNA isolated from five tropical range legume species using 2X CTAB and buffer 'S' from the alcohol fixed leaves was found useful for routine molecular biological work. DNA isolated from the leaves ground in liquid nitrogen was observed comparable to those isolated with alcohol fixed leaves, thus avoiding the use of liquid nitrogen and in turn isolation of genomic DNA became economical. essary facilities to carry out the present work.
